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e  i n v e s t i g a t e d  t h e  e f f i c i e n c y
,  o ther  aerodynamic  aspec ts  o f
ce  produc t ion  in  normal  and
rormal 1 arynxes ,
I n  C h a p t e r  I ,  a  s h o r t  s u r v e y  i s
ven o f  the  myoe las t ic -aerodynamic
eory  o f  vo ice  produc t ion ,  b r ie f l y
s c u s s i n g  t h e  i m p o r t a n c e  o f  a i r
o w  r a t e  a n d  s u b g l o t t i c  p r e s s u r e .
By  re la t ing  the  power  necessary
r r  sound produc t ion  to  the  pro-
r c e d  s o u n d  i n t e n s i t y ,  t h e  e f f i -
iency  o f  the  la ryngea l  genera tor
rn  be  ascer ta ined.  The purpose
f  o u r  s t u d y  w a s  t o  e s t a b l i s h  t o
h i c h  d e g r e e  t h e  e f f i c i e n c y  i n
a r i o u s  l a r y n g e a l  d i s t u r b a n c e s  w i l l
e  in f luenced and to  fo rmula te
; r ' i t e r i a  f o r  p r e d i c t i n g  a n d  e v a l u -
r t i n g  t h e  r e s u l t  o n  e f f i c i e n c y  o f
; h e r a p e u t ' i c  m e a s u r e s  i n  o u r  p a -
: i e n t s .  D a t a  o b t a i n e d  i n  n o r m a l
; u b j e c t s  w i t h o u t  v o c a l  c o m p l a i n t s
rave  been used fo r  compar ison .
T n  C h a n f p r  2 .  l h e  m p t h o d s  e m -r , '  v , , s P
l l o y e d  f o r  m e a s u r i n g  s o u n d  i n t e n -
; i t y ,  a i r  f l o w  r a t e ,  a n d  s u b g l o t t i c
) r e s s u r e  a t  v a r i o u s  p i t c h e s  a n d
; o u n d  i n t e n s i t i e s  o v e r  t h e  t o t a l
roca l  compass  have been descr ibed.
T h e  s o u n d  i n t e n s i t y  i s  m e a s u r e d
l y  a  m i c r o p h o n e  a n d  t h e  a i r  f l o w
^ate  by  pneumotachography .
F o r  m e a s u r i n g  t h e  s u b g l o t t i c
p r e s s u r e  w e  u s e d  a n  i n d i r e c t
m e t h o d .  T h e  s u b g l o t t i c  p r e s s u r e
was ascer ta ined f rom the  changes
i n  t h e  o e s o p h a g e a l  p r e s s u r e  d u r i n g
a n d / o r  a f t e r  p h o n a t i o n .  T h e  p r e s s -
u r e  i n  t h e  o e s o p h a g u s  a l s o  v a r i e s
w i t h  v a r y i n g  l u n g  v o l u m e ,  s o  w e
h a d  t o  t a k e  t h i s  l a t t e r  i n t o
a c c o u n t  i n  t h e  d e t e r m i n a t i o n  o f
subg lo t t i c  p ressure  f rom measure-
m e n t s  o f  t h e  o e s o p h a g e a l  p r e s s u r e .
T h e  c h a n g i n g  l u n g  v o l u m e  w a s
a s c e r t a i n e d  b y  i n t e g r a t i o n  o f  t h e
f low s igna l  f rom the  pneumotacho-
g r a p n .
T n  t h e  r e n i s t r a t i n n  o f  v o l u m e
curves ,  we had to  cor rec t  fo r
v a r i o u s  d i f f e r e n c e s  i n  t h e  p h y s i c a l
p r o p e r t i e s  o f  i n s p i r e d  a n d  e x p i r e d
a i r .  T h i s  i s  t h e o r e t i c a l  l y  e x -
p l a i n e d  a n d  i l l u s t r a t e d  b y  a n a -
l y t i c a l  e x p e r i m e n t s .
G e n e r a l l y ,  p r e s s u r e  c h a n g e s  d u e
t o  t h e  v i s c o u s  r e s i s t a n c e  o f  t h e
l u n g s  a n d  a i r w a y s  a r e  l o w  d u r i n g
p h o n a t i  o n .
B y  a p p l y i n g  a  s e c o n d  c o r r e c t i o n
m e t h o d ,  i t  w a s  p o s s i b l e  t o  c o m -
p e n s a t e  a u t o m a t i c a l l y  t h e  c h a n g e s
i n  t h e  o e s o p h a g e a l  p r e s s u r e  d u e
t o  c h a n g e s  i n  t h e  l u n g  v o l u m e
d u r i n g  t h e  m e a s u r i n g  s e r i e s .  T h u s
t h e  s u b g l o t t i c  p r e s s u r e  c o u l d  b e
read d i rec t l y  f rom the  cor rec ted
oesophagea l  p ressure  curve .
T h e  i n d i r e c t  m e a s u r e m e n t  o f  t h e
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s u b g l o t t i c  p r e s s u r e  w a s  v e r i f i e d
by  s imu l taneous d i rec t  measurements
i n  t h r e e  p a t i e n t s .
I n  C h a p t e r  3 ,  t h e  a n a l y s i s  o f
the  curves  and the  accuracy  o f  the
measurements  a re  d . i scussed.
Reduct ion  o f  the  exper imenta l
d a t a  f r o m  s i n g l e  p h o n a t i o n s  t o o k
p l a c e  b y  c a 1  c u l a t i n g  r e g r e s s i o n
l i n e s  t h r o u g h  t h e  m e a s u r i n g  p o i n t s .
T h e s e  r e g r e s s i o n  l i n e s  a p p i y  t o
t h e  r e l a t i o n  b e t w e e n  a )  t h e  i n t e n -
s i t y  a n d  b )  r e s p e c t i v e l y ,  t h e  a i r
f l o w  r a t e ,  t h e  s u b g l o t t i c  p r e s s u r e ,
o r  t h e  e f f i c i e n c y .
T h e  r e g r e s s i o n  l i n e s  w e r e  u s e o
t o  o b t a i n  a v e r a g e  v a l u e s  a n d  c h a r -
a c t e r i  s t i  c  v a l  u e s  f o r  e a c h  s u b j e c t .
C h a p t e r  4  g i v e s  t h e  r e s u l t s  o b -
t a i n e d  w i t h  n o r m a l  s u b j e c t s  w i t h o u t
voca l  compl  a  i  n ts  .  t ie  s ta r ted  w i  th
4267 phonations from 63 subjects
' i n  9 3  m e a s u r i n g  s e r i e s .  H o w e v e r ,
some phonat ions  were  assessed by
t r a i n e d  l i s t e n e r s  a s  a c o u s t i c a l l y
d e v i a n t .  T h e  r e m a i n i n g  d a t a  f r o m
2 7 3 6  w e l l - s o u n d i n g  p h o n a t i o n s ,
o b t a i n e d  i n  7 2  m e a s u r i n g  s e r i e s
in  24  males  and 21  fema. les ,  were
u s e d  t o  e s t a b l i s h  r e f e r e n c e  v a l u e s
a n d  r e f e r e n c e  a r e a s  f o r  t h e  e v a l u -
a t i o n  o f  d a t a  f r o m  p a t i e n t s .
ï h e  p i t c h  o f  t h e  p h o n a t i o n s  a p -
p e a r e d  t o  h a v e  l  i t t l e  i n f l  u e n c e
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on the  course  o f  the  regress ion
l i n e .  T h e  d a t a  f o r  a l i  p i t c h e s  i n
0ne measur ing  ser ies  there fore  were
c o n v e r t e d  i n t o  r e g r e s s . i o n  1 i n e s ,
t h e  i n t e n s ' i t y  b e i n g  c o n s i d e r e d  a s
i n d e p e n d e n t  v a r i a b l e .
T h e  f l o w  a n d  p r e s s u r e  v a l u e s  a n d ,
t h e r e f o r e ,  a l s o  t h e  e f f i c i e n c y
v a l u e s ,  s h o w e d  a  g r e a t  i n t e r - i n d i -
v i d u a l  s p r e a d .  R e p r o d u c i b i l i t y
measurements  howed tha t  the  in t ra -
' ind iv idua l  d i f fe rences  are  much
s m a l l e r  t h a n  t h e  i n t e r - i n d i v i d u a l
d i f fe rences  and tha t  a  good repro-
d u c i b i l i t y  e x i s t s .
B y  s t a t i s t i c a l  e v a l u a t i o n  o f  t h e
measurements  in  the  same normal
s u b j e c t ,  r e l  i a b i  I  i  t y  i n t e r v a l  s  w e r e
c a l c u l a t e d ,  e n a b l i n g  u s  t o  e s t a b -
l  i s h  t h e  s i g n i f i c a n c e  o f  t h e r a -
p e u t i c  r e s u l t s  i n  p a t i e n t s .
T h e  a v e r a g e s  o f  t h e  r e g r e s s i o n
c o e f f i c i e n t s  o f  t h e  r e g r e s s i o n
l i n e s  o f  a l l  n o r r n a l  s u b j e c t s  w e r e
used to  ascer ta in  re fe rence re -
g r e s s i o n  l i n e s  f o r  f 1 o w ,  p r e s s u r e ,
a n d  e f f i c i e n c y .  B y  r e f e r r i n g  t h e
measured e f f i c iency  to  the  re fe r -
e n c e  e f f i c i e n c y  l i n e ,  a  r e l a t i v e
m e a s u r e  o f  e f f i c i e n c y  w a s .  o b t a i n e d ,
w h i c h  e n a b l e d  u s  t o  e s t a b l i s h  t h e
e f f i c i e n c y  o f  a  g i v e n  . i  n d i v . i  d u a l
1  a rynx .
T h e  s e t  o f  r e g r e s s i o n  l i n e s  w a s
used to  ob ta in  re fe rence areas
r e p r e s e n t i n g  t h e  d i s t r i b u t . i o n
spread o f  normal  va lues .  La ter
a n a l y s i s  o f  d e v i a n t  s o u n d i n g
phonat ions  proved tha t  the  aero-
d y n a m i c  d a t a  o f  t h e s e  p h o n a t i o n s
l a r r  f n r  f h ê  n r ê ^ t p r  n a f t  W i t h i nL " L  y '  u u  v L '  H !
the  re fe rence areas .
I n t e n t i o n a l l y  p r o d u c e d  h o a r s e
p h o n a t i o n s ,  f r o m  n o r m a l  s u b i e c t s
a p p e a r e d  t o  d e v i a t e  c l e a r l y  f r o m
" n o r m a l "  a e r o d y n a m i c  v a l u e s  o f  t h e
s a m e  s u b j e c t .
A s  t h e  i n t r a - i n d i v i d u a l  d i f f e -
r e n c e s  a r e  m u c h  s m a l l e r  t h a n  t h e
i n t e r -  i n d i v i d u a l  d i f f e r e n c e s ,  w e
c o n c l u d e d  t h a t  a  p a t i e n t  o r  a
normal  sub jec t  may serve  as  a
s t a n d a r d  f o r  h i m s e l f ,  t o  a s c e r t a i n
changes in  the  aerodynamic  pa t te rn ,
F . o .  a q  t h e  r c s u l t  o f  t r e a t m e n t .
T h e  o b t a i n e d  m e a s u r i n g  r e s u l t s
were  compared w i th  da ta  f rom the
l  i t e r a t u r e .
í l h a n t e r  5  o i v e s  t h p  r e s u l t s  o b -
t a i n e d  i n  6 4  p a t i e n t s  i n  1 2 0
m e a s u r i n g  s e r i e s  c o m p r i s i n g  4 9 8 3
p h o n a t i  o n s .
The pa t ien ts  showed a  grea t
v a r i e t y  o f  l a r y n g e a l  d i s t u r b a n c e s .
T h e y  w e r e  d i v i d e d  i n t o  t h r e e  m a i n
g r o u p s :  G r o u p  1 ,  p a t i e n t s  h a v i n g
o r g a n i c  d i s t u r b a n c e s  o f  t h e  v o c a l
f o 1 d s ,  G r o u p  I I ,  p a t i e n t s  h a v i n g
n o r m a l  v o c a l  f o l d s  a n d ,  i n  m o s t
c a s e s  ,  s l  i  g h t  a d d u c t i  o n  d i  s t u r b -
a n c p s .  i  .  c .  n a t i  c n t s  w i  t h  " f u n c -
t i o n a l  v o i c e  d i s o r d e r s " ,  a n d  G r o u p
I I I ,  p a t i e n t s  h a v i n g  n o r m a l  v o c a l
f o l d s ,  b u t  w i t h  s e v e r e  i n n e r v a t i o n
d i s t u r b a n c e s  o f  t h e  l a r y n g e a l
m u s c l  e s  .
F r n m  c a e h  n r n r r n .  i h g  c a S e S  O f
s o m e  i n t e r e s t i n g  p a t i e n t s  a r e
d i s c u s s e d  i n  d e t a i l .
T h e  d a t a  o f  t h e  f i r s t  m e a s u r i n g
s e r i e s  w e r e  u s e d  t o  a s c e r t a i n  t h e
d i a g n o s t i c  v a l u e  o f  t h e  a e r o d y n a m i c
d a t a :  f l  o w  a n d  s u b g l  o t t i  c  p r e s s u r e ,
a l  one or i  n  combi  na t i  on
( e f f i c i e n c y ) .
T h e  g r e a t  i n t e r - i n d i v i d u a l  d i s -
p e r s i o n  i n  p a t i e n t s  w i t h  s e e m i n g l y
t h e  s a m e  l a r y n g e a l  d i s t u r b a n c e ,
d e p r e c i a t e s  t h e  v a l u e  o f  s i n g l e
d a t a .  I t  a p p e a r s  t h a t  a  s p e c i f i c
aerodynamic  pa t te rn  fo r  a  cer ta in
l a r y n g e a l  d i s t u r b a n c e  d o e s  n o t
e x i s t .  T h i s  a l s o  m e a n s  t h a t  a
s i n g l e  m e a s u r e m e n t  c a n  h a r d l y  e s -
t a b l i s h  t h e  d i a g n o s i s  o f  a  v o c a l
d i s t u r b a n c e .  H o w e v e r ,  s i n c e  i t
y i e l d s  a  r o u g h  i m p r e s s i o n  a b o u t
t h e  f u n c t i o n i n g  o f  t h e  l a r y n x  i t
m a y  r e v e a l  a  h y p e r f u n c t i o n a l  u s e ,
as  we see f rom the  fac t  tha t  the
< r r h n l n f f i r  n r ê < c r r r ê  r,  .  e g r e s s l o n
l i n e s  f r o m  a l l  p a t i e n t s  w e r e  f o u n d
t o  l i e  h i g h e r  t h a n  t h e  p r e s s u r e
re ference l  ine  and in  59% o f  the
c a s e s  t o  l i e  o u t s i d e  t h e  r e f e r e n c e
a r e a .
I n  G r o u p  I  ( o r g a n i c  d i s t u r b a n c e s ) ,
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i n  about  30% o f  the  pa t ien ts  no
aerodynamic  d is tu rbances  were
d i a g n o s e d .  T h i s  w a s  t h e  c a s e  w i t h
p a t i e n t s  w i t h  s l i g h t  v o c a l  f o l d
a f f e c t i o n s  l i k e  h y p e r a e m i a  o r
oedema,  o r  some pat ien ts  w i th  the
c l  i n i c a l  d i a g n o s i s  o f  n o d u l e s .  I n
m o r e  s e v e r e  d i s t u r b a n c e s ,  o b v i o u s l y
d e v i a t i n g  a e r o d y n a m i c  v a l u e s  w e r e
meas ured .
T h e  s r r b o l o t t i c  n r e s s u r e  v a l u e s
1 a y  i n  g e n e r a l  t o o  h i g h ,  t h e  f l o w
v a l u e s  w e r e  m u c h  d i s p e r s e d ,  T h e
ef f i c iency  was about  1  to  6  dB
l o w e r  t h a n  t h e  r e f e r e n c e  v a l u e ,
w i t h  o n e  h i g h ) y  d e v i a t i n g  v a l u e
o f  - 1 3 . 5  d B .
I t  was  remarkab le  tha t  i t  made
I i t t l e  d i f f e r e n c e  i n  t h e  e f f i -
c i e n c y  w h e t h e r  t h e  v o c a l  f o l d
a f f e c t i o n  c o n s i s t e d  o f  l o c a . l  d i s -
t u r b a n c e s  I  i  k e  n o d u l  e s ,  p o l y p s ,
c y s t s ,  o r  p a p i l l o m a s ,  o r  o f  m o r e
e x t e n s i v e  d i s t u r b a n c e s  o f  t h e
s u r f a c e  o f  t h e  f o l d s .  T h e  p o s s i -
b i l i t y  o f  ( d y n a m i c )  g l o t t i s  c l o s u r e
appeared to  be  o f  g rea t  impor tance.
I n  G r o u p  I I  ( f u n c t i o n a l  d i  s -
t u r b a n c e s ) ,  i n  n e a r l y  a l l  p a t i e n t s
a n  i n c o m p l e t e  c l o s u r e  o f  t h e
q l o t t i s  w a s  a s c e r t a i n e d .  D e s p i t e
t h e s e  i n c o m p l e t e  g l o t t i s  c l o s u r e s ,
t h e  f l o w  v a l u e s  a p p e a r e d  t o  b e
d e v i a n t  i n  o n l y  t w o  c a s e s ,  w h e r e a s
t h e  s u b g l o t t . i  c  p r e s s u r e s  i n  m o s t
c a s e s  a p p e a r e d  t o  b e  t o o  h i g h .  T h e
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ef f íc iency  lay  rough ly  about  4  dB
lower  than the  re fe rence va lue .
Most  pa t ien ts  in  th is  g roup re -
c e i v e d  v o i c e  t r a i n i n g .
Wi th  respec t  to  the  pa t ien ts  o f
G r o u p  I I I  ( s e v e r e  i n n e r v a t i o n
d i s t u r b a n c e s )  a  s u r v e y  h a s  b e e n
g i v e n  o f  t h e  c l i n i c a l  a s p e c t s  o f
u n i l a t e r a l  o r  b i l a t e r a l  l a r y n g e a l
p a r a l y s i s .  Ï n  t h r e e  p a t i e n t s  w i t h
a  b i l a t e r a l  p a r a l y s i s  s u r g i c a l
w i d e n i n g  o f  t h e  g l o t t i s  w a s
necessary  because o f  resp i ra to ry
d i f f i c u l t i e s .  T h e  e f f e c t  o f  t h e
o p e r a t i o n  o n  t h e  e f f i c i e n c y  a n d
o n  p o s s i b i l i t i e s  o f  c o m m u n i c a t i o n
i s  d i  s c u s s e d .
I n  t h i s  g r o u p  t h e  e f f i c i e n c y  i n
p a t i e n t s  i n  w h o m  n o  s t a t i c  c l o s u r e
o f  t h e  g l o t t i s  w a s  e f f e c t u a t e d ,
was about  B  dB lower  than the
r e f e r e n c e  v a l  u e .  T h e  s u b g l  o t t i  c
p r e s s u r e  Í n  t h i s  g r o u p  a p p e a r e d
t o  b e ,  d e s p i t e  t h e  p a r a l y s i s ,
r e m a r k a b l y  h i g h .
I n  4 7  p a t i e n t s ,  a  s e c o n d  m e a s - .
u r ing  ser ies  was per fo rmed,  a f te r
s o m e  f o r m  o f  m e d i c a l  ( s u r g i c a l )
t h e r a p y  a n d / o r  v o i c e  t r a i n i n g  h a d
b e e n  g i v e n .
A number  o f  these pa t ien ts  were
e x a m i n e d  s e v e r a l  t i m e s ,  i n  a  t o t a l
o f  5 6  m e a s u r i n g  s e r i e s  a f t e r
therapy ,  2434 phonat ions  were
o b t a i  n e d .
The e f f i cacy  o f  therapeut ic
m e a s u r e s ,  d e r i v e d  f r o m  t h e  d i f -
fe rence o f  the  re la t i ve  e f f i c iency
v a l u e s ,  a p p e a r e d  t o  b e  f a v o u r a b l e
i n  m o s t  p a t i e n t s ,  t h o u g h  t h e  r e l a -
t i v e  e f f i c i e n c y  v a l u e s  n e a r l y
a l w a y s  r e m a i n e d  n e g a t i v e .
ï n  t h c  n a t i e n f s  i n  w h o m  e v e n
af te r  t rea tment  comple te  (dynamic)
g l o t t i s  c l o s u r e  w a s  s t i l l  i m -
p o s s i b l e ,  e . g . b y  a  p e r s i s t i n g
ch ink ,  an  improvement  o f  the  e f f i -
c iency  appeared to  be  re la ted  to
a  more  re laxed phonatory  Pat te rn .
In  aerodynamic  te rms,  th is  was
re la ted  to  the  decrease o f  the
s u b g l o t t i c  p r e s s u r e ,  T o  w h a t  e x t e n t
the  f low va lues  were  changed de-
pended mai  n ly  on  the  poss ib  i  l  i  tY
of a dynami c c. l  osure of the
g l o t t i s .
I n  C h a p t e r  6 ,  w e  d i s c u s s  t h e
r e s u l t s  o f  i n v e s t i g a t i o n s  w i t h
f i  ve  t ra i  ned s i  ng i  ng  vo i  ces  .
The e f f i c iency  was comPared w i th
tha t  o f  non- t ra ined vo ices .  ln je
c o n c l u d e d  t h a t  t h e  s i n g e r s  p r o d u c e d
the  sound in  such a  way tha t  the
ef f i c iency  was o f  secondarY im-
por tance to  the  aes the t ic  demands.
T h e s e  q u a l i t a t i v e  d e m a n d s ,  e s -
p e c i a l l y  i n  t h e  t e n o r  s i n g e r s  l e d
to  the  appearance o f  verY h igh
s u b g l o t t i c  p r e s s u r e s  a t  h i g h  s o u n d
' i n t e n s i t i e s .  T h e  i n f l u e n c e  o f  t h e s e
v e r y  h i g h  s u b g l o t t i c  p r e s s u r e s  o n
t h e  b l o o d  c i r c u l a t i o n  i s  i n d ' i c a t e d
and demonst ra ted  by  photop le thysmo-
g r a p h y .  S o m e  q u a l i t a t i v e  a s p e c t s
l i k e  v i b r a t o  a n d  t h e  p r e s e n c e
o f  t h e  s i n g i n g  f o r m a n t  w e r e
s t u d i e d .
T h e  a c o u s t i c  c o u p l i n g  o f  t h e
voca l  t rac t  to  the  la rynx  is
d i s c u s s e d  w i t h  r e s p e c t  t o  t h e
o c c u r r e n c e  o f  a  p a r t i c u l a r
resonance phenomenon.
T h p  e h a n t p r  c l o s e q  w i t h  a  d i s -
c u s s i o n  o f  a e r o d y n a m i c  a s p e c t s  o f
s o m e  v a r i a n t s  o f  t h e  s i n g i n g  v o i c e
p r o d u c t i o n ,  b a s e d  o n  v a r i o u s
p e d a g o g i c  t e c h n i q u e s .  T h e  e f f i -
c i e n c y  a p p e a r e d  t o  d i f f e r  I  i t t 1 e
i n  t h e s e  v a r i a n t s ,  t h o u g h  d i f f i -
c u l t i e s  w i t h  r e s p e c t  t o  f l o w  a n d
p r e s s u r e  v a l u e s  c o u l d  b e  d e m o n -
s t r a t e d .  O u r  c o n c l u s i o n  w a s  t h a t
i n  t h e s e  v a r i a n t s  o f  t h e  s i n g i n g
vo i  ce  produc t i  on  the  sub iec t  i  ve
a n d  s i n g i n g  p e d a g o g i c  a s p e c t s  a r e
o f  g rea ter  impor tance than the
aerodynami  c  ones .
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